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SEMICONDUCTOR DEVICE CAPABLE OF PREVENTING CURRENT 
FLOW CAUSED BY LATCH-UP AND METHOD OF FORMING THE SAME 

BACKGROUND 

This application claims the priority of Korean Patent Application No. 
2003-28176, filed on May 2, 2003, in the Korean Intellectual Property Office, the 
disclosure of which is incorporated herein in its entirety by reference. 

1. Technical Field 

The present disclosure relates to semiconductor devices, and more 
particularly, to semiconductor devices capable of preventing current flow caused 
by latch-up. 

2. Discussion of Related Art 

To perform a current test, a high voltage is applied to a bonding pad of a 
semiconductor device, which causes a current to flow in the semiconductor 
device. As such, defects occur in the semiconductor device, and the 
semiconductor device cannot operate properly. 

FIG. 1 is a cross-sectional view of a layout of a conventional 
semiconductor device. FIG. 2 is a plane view of the semiconductor device of 
FIG. 1. 
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Referring to FIGS. 1 and 2, a P-type diffusion region 110 and an N-type 
diffusion region 120 are located in a first N-well NW1, and a P-type diffusion 
region 130 is located in an adjacent P-well PW. An N-type diffusion region 140 
is located in a second N-well NW2 adjacent to the P-well PW. 
5 A pad P1 is connected to the P-type diffusion region 1 10 of the first N-well 

NW1 . A power supply voltage VDD is connected to the N-type diffusion region 
120 of the first N-well NW1 , and a ground voltage VSS is connected to the 
P-type diffusion region 130 of the P-well PW and the N-type diffusion region 140 
of the second N-well NW2. 

10 The P-type diffusion region 110 and the N-type diffusion region 120 of the 

first N-well NW1 and the P-type diffusion region 130 of the P-well PW, 
respectively, constitute an emitter, a base, and a collector of a first bipolar 
junction transistor (BJT) Q1 . The N-type diffusion region 1 20 of the first N-Well 
NW1, the P-type diffusion region 130 of the P-well PW, and the N-type diffusion 

15 region 140 of the second N-well NW2, respectively, constitute a collector, a base, 
and an emitter of a second bipolar junction transistor (BJT) Q2. 

The first BJT Q1 is a PNP-type transistor, and the second BJT Q2 is an 
NPN-type transistor. Rn and Rnw represent the loads of the base and the 
emitter of the first BJT Q1 respectively. Rpw represents the load of the emitter 

20 of the second BJT Q2. 

When a backward voltage is applied between the N-type diffusion region 
120 (base B) of the first N-well NW1 and the P-type diffusion region 130 
(collector C) of the P-well PW of the first BJT Q1 , respectively, and then a 
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forward voltage is applied between the P-type diffusion region 110 (emitter A) of 
the first N-well NW1 and the N-type diffusion region 120 (base B) of the first 
N-well NW1 , the first BJT Q1 is activated, and a current IC1 flows through the 
first BJTQ1. 

5 When performing a current test, a high voltage, i.e., a voltage higher than 

a voltage obtained by adding a turn-on voltage of a PN junction to the power 
supply voltage VDD, is applied to the pad P1 , and thus the first BJT Q1 is 
activated. 

When a backward voltage is applied between the N-type diffusion region 
10 120 (collector B) of the first N-well NW1 and the P-type diffusion region 130 

(base C) of the P-well PW of the second BJT Q2, and then a forward voltage is 
applied between the P-type diffusion region 130 (base C) of the P-well PW and 
the N-type diffusion region 140 (emitter D) of the second N-well NW2, the 
second BJT Q2 is activated. 
15 When the voltage difference between the P-type diffusion region 130 

(base C) of the P-well PW and the N-type diffusion region 140 (emitter D) of the 
second N-well NW2 of the second BJT Q2 is greater than the turn-on voltage, 
due to a resistor Rp, a forward voltage is applied between the P-type diffusion 
region 130 (base C) of the P-well PW and the N-type diffusion region 140 
20 (emitter D) of the second N-well NW2, the second BJT Q2 is activated, and a 
current IC2 flows through the second BJT Q2. 

Accordingly, a current path is formed between the P-type diffusion region 
1 10 of the first N-well NW1 and the N-type diffusion region 140 of the second 
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N-well NW2, and a current flows along the current path. This phenomenon is 
referred to as latch-up and causes defects in semiconductor devices. 

5 SUMMARY OF THE INVENTION 

A semiconductor device according to an embodiment of the invention 
includes a first well, a second well, and a third well. 

The first well is connected to a pad to which an external pin is connected 
and includes a first-type diffusion region that receives a well bias voltage. The 
10 second well is adjacent to the first well, and includes an insulating region and at 
least one second-type diffusion region outside the insulating region. 

The third well is adjacent to the second well and includes a first-type 
diffusion region that receives a first voltage. 

The insulating region inside the second well along with the first-type 
15 diffusion region of the first well constitute a bipolar junction transistor which cuts 
off current flowing from the first well to the third well. 

The second well comprises a first sub-well, which is arranged between the 
insulating region and the first well and includes a first second-type diffusion 
region, and a second sub-well, which is arranged between the insulating region 
20 and the third well and includes a second second-type diffusion region. The 
insulating region is a third sub-well having a first-type diffusion region. 
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The first sub-well is a P-well, and the first voltage is applied to the 
second-type diffusion region of the first sub-well. The second sub-well is a 
P-well, and the first voltage is applied to the second-type diffusion region of the 
second sub-well. 

5 The third sub-well is an N-well, and a second voltage is applied to the 1 

i 

first-type diffusion region of the third sub-well. The first voltage is a ground 
voltage, and the second voltage is a voltage that generates a backward voltage 
between a base and an emitter of a bipolar junction transistor, which is 
composed of the first-type diffusion region of the first well, the second-type 
10 diffusion region of the first sub-well, and the first-type diffusion region of the third 
sub-well. 

The first and third wells are N-wells. The well bias voltage applied to the 
first-type diffusion region of the first well is a power supply voltage. A region to 
which the pad is connected is a second-type diffusion region. 
15 The first-type diffusion regions are formed of N-type impurities, and the 

at least one second-type diffusion region is formed of P-type impurities. The 
insulating region of the second well has a structure that surrounds the first well. 

The third well constitutes a depletion-type MOS transistor. A 
semiconductor device according to another embodiment of the invention 
20 includes a first N-well, a first P-well, and a second N-well. 

The first N-well is connected to a pad to which an external pin is 
connected 
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and includes an N-type diffusion region that receives a well bias voltage, and a 
P-type diffusion region formed in the vicinity of the pad. 

The first P-well is adjacent to the first N-well, and includes an insulating 
region and at least one P-type diffusion region that receives a ground voltage 
outside the insulating region. 

The second N-well is adjacent to the first P-well and includes an N-type 
diffusion region that receives the ground voltage. The insulating region is a 
third N-well having an N-type diffusion region that receives a control voltage. 

The first P-well includes a first sub-P-well, which is located between the 
insulating region and the first N-well and includes a first P-type diffusion region, 
and a second sub-P-well, which is located between the insulating region and the 
second N-well and includes a second P-type diffusion region. 

The N-type diffusion region of the first N-well, the P-type diffusion region 
of the first sub-P-well, and the N-type diffusion region of the insulating region 
constitute a bipolar junction transistor that cuts off a current flowing from the first 
N-wetl to the second N-well. 

A method of forming a semiconductor device according to an embodiment 
of the invention includes forming a first well connected to a pad to which an 
external pin is connected. The first well includes a first-type diffusion region that 
receives a well bias voltage. A second well is formed adjacent to the first well 
and includes an insulating region and at least one second-type diffusion region 
outside the insulating region. A third well is formed adjacent to the second well 
and includes a first-type diffusion region that receives a first voltage. The 
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insulating region inside the second well along with the first-type diffusion region 
of the first well constitute a bipolar junction transistor which cuts off current 
flowing from the first well to the third well. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Exemplary embodiments of the present invention will be described in 
detail with reference to the attached drawings in which: 

FIG. 1 is a cross-sectional view of a layout of a conventional 
10 semiconductor device; 

FIG. 2 is a plane view of the semiconductor device of FIG. 1 ; 

FIG. 3 is a cross-sectional view of a layout of a semiconductor device 
according to an exemplary embodiment of the present invention; and 

FIG. 4 is a plane view of the semiconductor device of FIG. 3. 

15 

DESCRIPTION OF PREFERRED EMBODIMENTS 
The present invention will be described in detail by describing preferred 
embodiments of the invention with reference to the accompanying drawings. 
Like reference numerals refer to like elements throughout the figures. 
20 FIG. 3 is a cross-sectional view of a layout of a semiconductor device 

according to an exemplary embodiment of the present invention, and FIG. 4 is a 
plane view of the semiconductor device of FIG. 3. 
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Referring to FIGS. 3 and 4, a semiconductor device 300 according to the 
present embodiment of the invention includes a first well W1 , a second well W2, 
and a third well W3. The first well W1 is connected to a pad P1 to which an 
external pin is connected and includes a first-type diffusion region 320 that 

5 receives a well bias voltage VDD. The second well W2 is adjacent to the first 
well W1 , and includes a predetermined insulating region BR. The second well 
W2 further includes second-type diffusion regions 330 and 350 outside the 
insulating region BR. 

The third well W3 is adjacent to the second well W2 and includes a 

10 first-type diffusion region 360 to which a first voltage VSS is applied. The 

insulating region BR inside the second well W2 with the first-type diffusion region 
320 of the first well W1 constitute a bipolar junction transistor (BJT) Q1 which 
cuts off current flowing from the first well W1 to the third well W3. 

Hereinafter, the operation of the semiconductor device according various 

15 exemplary embodiments of the present invention will be described with reference 
to FIGS. 3 and 4. 

The first well W1 is an N-well, and the well bias voltage VDD is a power 
supply voltage. The first-type diffusion region 320 of the first well W1 is formed 
of N-type impurities. The pad P1 is connected to a second-type diffusion region 
20 310. The second-type diffusion region 310 is formed of P-type impurities. 

The second well W2 includes a first sub-well SW1, a second sub-well 
SW2, and a third sub-well SW3. The first sub-well SW1 is located between the 
insulating region BR and the first well W1 and includes the second-type diffusion 



8 



region 330. The second sub-well SW2 is located between the insulating region 
BR and the third well W3 and includes the second-type diffusion region 350. • 
The insulating region BR is the third sub-well SW3 having a first-type diffusion 
region 340. 

5 The first sub-well SW1 is a P-well, and the first voltage VSS is applied to 

the second-type diffusion region 330 of the first sub-well SW1 . The second 
sub-well SW2 is a P-well, and the first voltage VSS is applied to the second-type 
diffusion region 350 of the second sub-well SW2. 

The third sub-well SW3 is an N-type well, and a second voltage V2 is 

10 applied to the first-type diffusion region 340 of the third sub-well SW3. The third 
well W3 may constitute a depletion-type MOS transistor, and the first voltage 
VSS is a ground voltage. The second well W2 may also be viewed as a P-type 
well in which the insulating region BR is formed. 

The first well W1 and the first sub-well SW1 constitute a PNP-type bipolar 

15 junction transistor (BJT) Q1 . When a backward voltage is applied between the 
N-type diffusion region 320 (base B) in the first well W1 and the P-type diffusion 
region 330 (collector C) in the first sub-well SW1 of the PNP-type BJT Q1 , and 
then a forward voltage is applied between the P-type diffusion region 310 
(emitter A) in the first well W1 and the N-type diffusion region 320 (base B) in the 

20 first well W1 , the PNP-type BJT Q1 is activated, and a current IC1 flows through 
the PNP-type BJTQ1. 

If a current test is performed on the semiconductor device, a high voltage, 
i.e., a voltage having a higher level than a voltage obtained by adding a turn-on 
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voltage of PN junction to a power supply voltage VDD, is applied to the pad P1 
and the PNP-type BJT Q1 is activated. Thus, the current IC1 flows through the 
PNP-type BJTQ1. 

The first-type diffusion region 320 of the first well W1 , the second-type 
5 diffusion region 330 of the first sub-well SW1 , and the first-type diffusion region 
340 of the third sub-well SW3 constitute an NPN-type bipolar junction transistor 
(BJT) Q2. 

The voltage V2 applied to the first-type diffusion region 340 of the third 
sub-well SW3 is adjusted so that there exists a backward voltage between the 
10 N-type diffusion region 340 (emitter D) in the third sub-well SW3 and the P-type 
diffusion region 330 (base C) in the first sub-well SW1 of the NPN-type BJT Q2. 
Thus, the current IC1 cannot flow to the third well W3, and latch-up is prevented. 
When the voltage V2 is applied to prevent latch-up, the NPN-type BJT Q2 is in 
a cut-off mode. 

15 The insulating region BR is located inside the second well W2 so that the 

NPN-type BJT Q2 includes the first-type diffusion region 320 of the first well W1 
and will cut-off current flowing from the first well W1 to the third well W3. 

Thus, during a current test of the semiconductor device 300, even though 
a high voltage is applied to the pad P1, current flow caused by latch-up can be 
20 prevented so that defects do not occur in the semiconductor device 300. 

The area of the layout of the second well W2 of the semiconductor device 
300 can also be reduced to about 25% of the area of the conventional P-well PW 
shown in FIG. 1 . If the width of the conventional P-well PW of FIG. 1 is 
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indicated by 12X (where X is a basic unit of length), the width of the layout of the 
second well W2 of FIG. 3 may be indicated by about 3X. 

Referring to FIG. 4, the insulating region BR of the second well W2 has a 
structure that surrounds the first well W1 . The insulating region BR of the 
5 second well W2, i.e., the third sub-well SW3, has to surround the first well W1 to 
which the pad P1 is connected, or has to be arranged parallel to the first well W1 
and between the first well W1 and the third well W3, so that the current IC1 
generated in the first well W1 can be effectively prevented. 

As described above, in the semiconductor device according to various 
10 exemplary embodiments of the present invention, when a high voltage is applied 
to a pad during a current test, current flow caused by latch-up is prevented, 
which in turn prevents defects from occurring in the semiconductor device. 

While this invention has been particularly shown and described with 
reference to preferred embodiments thereof, it will be understood by those 
15 skilled in the art that various changes in form and details may be made therein 
without departing from the spirit and scope of the invention as defined by the 
appended claims. 
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